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(57) Abstract: Provided are a system and method for in vivo and in situ detection of body lumen conditions. The system comprises 
v "*' at least one interaction chamber for containing an endo-luminal sample, the interaction chamber comprising at least one indicator, at 
least one light source for illuminating the interaction chamber; and at least one optical detector for detecting in vivo optical changes 
occurring in the interaction chamber. The reaction between the indicator and sample may result in an optical change, which is 
detected and possibly imaged by the optical detector. 
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A SYSTEM AND METHOD FOR DETERMINING IN VIVO BODY LUMEN 

CONDITIONS 

FIELD OF THE INVENTION 

5 

The present invention relates to the field of in vivo diagnostics. More 
specifically, the present invention relates to a system and method for the in vivo and 
in-situ detection of chemical and/or biological substances and for the in vivo detection 
of physical conditions in body lumens, 

10 

BACKGROUND OF THE INVENTION 

An atypical concentration or presence of substances-in body fluids or in body 
lumens is indicative of the biological condition of the body. For example, the presence 

15 of elevated concentrations of red blood cells in the gastrointestinal (Gl) tract indicates 
different pathologies, depending on the location of the bleeding along the Gl tract. 
Likewise, abnormalities in the physical conditions of the body, such as elevated 
temperature, may indicate a pathology. Early detection, identification and location of 
abnormal conditions are critical for correctly diagnosing and treating various 

20 pathologies. 

Medical detection kits are usually based on in vitro testing of body fluid 
samples for the presence of a suspected substance. This method of detection does not 
easily enable the localization or identification of the origin of an abnormally occurring 
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substance. In many instances localizing an abnormally occurring substance in a body 
lumen greatly contributes to the identification of a pathology, and thus contributes to the 
facile treatment of the identified pathology. For example, bleeding in the stomach may 
indicate an ulcer while bleeding in the small intestine may indicate the presence of a 
5 tumor. 

The detection of bleeding in the Gl tract is possible by endoscope, however 
this possibility is limited to the upper or lower gastro-intestinal tract. Thus, bleeding in 
other parts of the Gl tract, such as the small intestine, is not easily detected by 
endoscopy. Further, the commonly used diagnostic kits and methods for detecting 
10 blood in the Gl tract do not enable the identification of the origin of the bleeding and 
further testing must be carried out to determine the type of pathology. 
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SUMMARY OF THE INVENTION 

The present invention provides a system and method for in vivo and in situ 
detection of in vivo conditions. 
5 The term "body lumen conditions" referred to herein relates to the presence 

and/or concentration of substances in body lumens and/or to physical conditions 
prevailing in the body lumen, such as, but not limited to, temperature, pressure or 
electric field. 

Substances may be, inter alia, ions, molecules, cells, compounds such as 
10 proteins, sugars and blood components. 

The system according to an embodiment of the invention includes at least one 
interaction chamber, at least one light source and at least one optical detector. 
According to an embodiment of the invention, the interaction chamber can contain an in 
vivo (endo - luminal) sample and contains at least one indicator such that the indicator 
15 can react with the sample. The endo - luminal sample has prevailing conditions or 
possibly contains a substance such that the indicator contained within the interaction 
chamber reacts to the prevailing conditions or reacts with the substance, the reaction 
resulting in an optical change occurring in the interaction chamber. 

The light source illuminates the interaction chamber, which is transparent in the 
20 wavelength of light that illuminates it, and the optical detector detects in vivo optical 
changes possibly occurring in the interaction chamber. 

According to an embodiment of the invention, the system is inserted into a 
body lumen and a sample from the body lumen environment is drawn into an 
interaction chamber which comprises at least one indicator. The interaction chamber is 

3 
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preferably designed such that it is permeable to the body lumen fluids and substances, 
allowing them to enter the chamber but not enabling leakage of the indicator from the 
chamber into the body lumen environment. 

The indicator may be contained as a liquid or suspension within selective 

5 membranes in the interaction chamber, which allow the passage of body lumen fluids 
but do not allow the passage of the indicator. Alternatively, the indicator may be 
immobilized onto the interaction chamber walls or onto an appendage that is restricted 
to the interaction chamber such that the indicator cannot leave the interaction chamber. 
Other configurations of an interaction chamber comprising an indicator are possible. 

10 A reaction between the sample and indicator may result in an optical change, 

such as, but not limited to, a change of color or a change in the optical density in the 
interaction chamber. These optical changes are detected and possibly imaged by the 
optical detector. The detected image, which may contain diagnostic information, may 
be stored to be retrieved at a later time or may be transmitted to an external receiver. 

15 The system, according to an embodiment of the invention, may utilize an 

imaging and transmitting system such as that utilized with the swallowable capsule 
described in US Patent Number 5,604,531 or that described in WO 01/65995. US 
5,604,531 and WO 01/65995, which are assigned to the common assignee of the 
present application, are hereby incorporated by reference. 

20 According to an embodiment of the invention, the interaction chamber contains 

indicators capable of reacting to physical conditions such as temperature or capable of 
reacting with specific chemical or biological substances that may be present in the body 
lumen fluids. The reaction results in an optical change. The optical change may be 
qualitative, merely detecting and indicating the presence of the substance in the body 
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lumen environment, and/or quantitative, showing the concentration of the substance in 
the body lumen environment. 

The method according to an embodiment of the invention comprises the steps 
of inserting into a body lumen the system according to an embodiment of the invention, 
5 receiving an endo - luminal sample in the interaction chamber, such that the 
endo-luminal sample and/or a substance possibly contained within the endo - luminal 
sample, can react with the indicator, illuminating the interaction chamber and detecting 
optical changes occurring in the interaction chamber. 

According to an embodiment of the invention, the system of the invention can 
10 be inserted into body lumens when it is attached to or contained within a device 
designed for being inserted into body lumens, such as needles, stents, endoscopes or 
swalloable capsules. 

In one embodiment of the invention, the optical detector is an imager, such as 
a CCD, photodiodes or a CMOS imaging chip. In one embodiment the optical change 
15 can be imaged. 

In yet another embodiment the system can detect body lumen conditions in 
-situ. According to one embodiment the optical detector is an imager that images both 
the body lumen and the optical changes occurring in the interaction chambers. Imaging 
the body lumen supplies information regarding the location of the system in the body 
20 lumen (for example as described in the above mentioned US 5,604,531) at any given 
time, such that the occurrence of an optical change can be localized to a specific site in 
the body lumen and pathologies can be identified and localized to a certain area in the 
body lumen. 
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In another embodiment of the invention the system is contained within a 
device that is capable of autonomously imaging and sampling the entire Gl tract, such 
as a swallowable capsule. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fully from the 
following detailed description taken in conjunction with the appended drawings in 
10 which: 

Fig. 1 is a schematic side view illustration of the system according to an 
embodiment of the invention; 

Fig. 2 is a schematic illustration of a capsule comprising the system, according 
to an embodiment of the invention; and 
15 Fig. 3 is a schematic illustration of the picture field obtained by the system 

according to an embodiment of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

In the following description, various aspects of the present invention will be 
described. For purposes of explanation, specific configurations and details are set 

5 forth in order to provide a thorough understanding of the present invention. However, 
it will also be apparent to one skilled in the art that the present invention may be 
practiced without the specific details presented herein. Furthermore, well known 
features may be omitted or simplified in order not to obscure the present invention. 

Reference is now made to Fig. 1 in which an embodiment of the system of 

10 the invention is schematically illustrated. The system comprises interaction chambers 
22, a light source 24 which illuminates the interaction chambers 22 and an optical 
detector 26 for detecting optical changes in the interaction chambers 22, for example 
by imaging the interaction chambers 22. The interaction chambers 22 contain 
indicators (not shown) that can react to physical conditions or react with substances to 

15 give an optically detectable result, such as a change of color or a change in optical 
density. 

When the system is introduced into a body lumen the lumen environment is 
sampled. An endo-luminal sample may be passively drawn into the interaction 
chamber for example, by the capillary action of the interaction chamber, or the sample 
20 may be actively drawn, for example by using any suitable mechanical micro pump 
known in the art, such as an osmotic pump (available in silicon). Alternatively, the 
sampling can be periodic, controlled, for example, by a switch. 



7 



WO 02/055984 PCT/U.02/00041 

The interaction chambers 22 may each comprise two openings to allow 
discharge and replacement of the sample in the chamber as the system samples new 
areas of the body lumen environment. 

The interaction chambers 22, which are configured for containing 
endo-luminal samples, such as body lumen fluids, comprise an indicator or 
combination of indicators, such that a reaction between the indicators and the sample 
or substances possibly contained in the sample may occur in the interaction 
chambers 22. 

The interaction chambers 22 are illuminated by light source 24 such that 
optical changes that occur in them may be detected by optical detector 26. These 
optical changes are a result of the physical conditions prevailing in the sample and 
their effect on the indicator or of the interaction between the indicator and a substance 
or substances contained in the sample. For detecting or imaging the optical changes, 
at least a portion of the interaction chambers 22 is preferably transparent in the 
wavelength of illumination. 

The interaction chambers 22 may be formed as capillaries etched into a slab 
of glass 23, or formed in between two glass slabs 23A and 23B one of which (23B) 
contains preformed slots or channels. 

It will be appreciated that the interaction chambers may be made of any 
suitable material such as plastic, glass etc. Parameters to be considered while 
assessing if a material is suitable may be, for example, the material's transparency, its 
safety for internal use, its durability under endo-luminal conditions or under erosion 
inflicted by the interaction that may take place within it, and so on. 
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The system may comprise one or more interaction chambers such that one or 
more physical conditions or the presence and/or concentration of one or more 
substances may be detected simultaneously. 

The indicators contained within the interaction chambers 22 may be reactive 
chemical components, biologically active agents such as enzymes or cells, 
immunoreagents or any indicator or mixture of indicators suitable for reacting to 
physical conditions or for reacting with substances. 

In accordance with specific reaction requirements and specific 
indicator/substance properties, the indicators may be contained in the interaction 
chamber in solution or in solid form such as an indicator layer coating the 
interaction chamber walls or as an indicator immobilized onto an appendage that is 
restricted to the interaction chamber. For example, an indicator coated strip may be 
anchored to the interaction chamber wall or indicator coated beads may be 
entrapped in the interaction chamber. For example, orthotolidine may be 
impregnated on the interaction chamber walls or on a strip anchored to the 
interaction chamber. Erythrocytes (red blood cells) present in the body lumen 
environment entering the interaction chamber can be hemolyzed liberating free 
hemoglobin, which catalyzes orthotolidine oxidation, producing a blue color. The 
intensity of the color change is proportional to the amount of blood in a body lumen 
fluid. Other indicators may be used such as pH indicators, indicators of sugar, 
antibodies having an affinity to specific substances or cells etc. It will be 
appreciated that the system of the invention can also be used for detecting different 
physical conditions of the body lumen and its environment. Thus, for example, 
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temperature changes in different areas of a body lumen may be detected by using 
an indicator that changes color in accordance with the sensed temperature. 

The reaction between the indicator and a substance may be reversible, in 
which case the indicator can be used to detect a plurality of substance sources, each 
source showing as a single event of optical change. Also, the reaction kinetics may 
be such that the intensity of the optical change is proportional to the substance 
concentration, thus enabling to deduce the substance concentration. 

The interaction chambers 22 are illuminated by light source 24 which may be 
any illumination source compatible with the interaction chamber 22 and optical 
detector 26. Light sources such as light emitting diodes (LEDs) can be used. 
Optionally, a collimator or reflector 25 may be used for collecting/ directing light rays 
from the light source 24 to the interaction chambers 22 and through them to the 
optical detector 26. 

The optical detector 26 may be any device suitable for receiving and 
processing light rays that have passed through the interaction chambers 22. 

The system my be set up such that the interaction chambers 22 are 
positioned in between a light source 24 on one side and an optical detector 26 on the 
other. Light rays (represented by arrow 2T) emitted from the light source 24 are 
collected by collimator or reflector 25 and are directed (represented by arrow 27) at 
the glass slab 23 containing the interaction chambers 22. The light rays (represented 
by arrow 27) pass through the glass slab 23 and interaction chambers 22 and are 
received by the optical detector 26. The optical detector 26 may be any detector 
suitable for detecting optical changes, for example an imager, such as a CCD, CMOS 
imaging chip, photodiodes etc. 
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The optical detector 26 processes the received light rays for example by 
forming an image of the interaction chambers. The image may be stored in the optical 
detector 26 or may be further transmitted to an external receiving system. 

The components of the system of the invention may be specifically designed 

5 for the system, or the system may utilize some components from other systems that 
operate in body lumens, thus economically taking advantage of existing components. 
For example, the system of the invention may be incorporated into or affixed onto 
medical devices meant for being inserted into body lumens, such as needles, stents, 
endoscopes or capsules that can pass through the Gl tract. Endoscopes utilize a light 

10 source and sometimes an imaging device while operating. Thus, the system of the 
invention can be incorporated into an endoscope and utilize the endoscope's light 
source and imaging device for detecting the presence and/or concentration of 
substances or for measuring physical conditions of body lumens. 

Reference is now made to Fig. 2, which schematically illustrates a device 

15 comprising the system, according to an embodiment of the invention. The device is 
capable of being inserted into and. passing through body lumens, such as the Gl tract 
and blood vessels, similarly to capsules known in the art. 

For example, the swallowable capsule described in US 5,604,531 can pass 
through the entire digestive tract and thus can operate as an autonomous video 

20 endoscope. A capsule optionally utilized according to an embodiment of the invention 
may include an imaging system, such as a video camera system and a transmitter, 
optionally a wireless transmitter, which transmits the video output of the imaging 
system. The exact location of the capsule can be known at any given time enabling to 
associate a specific image with a specific location of the capsule in the Gl tract. Other 
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capsules are described in US 6,240,312, To Alfano, and in WO01/50941 to Refael, 
both of which are incorporated herein by reference. A capsule optionally utilized 
according to another embodiment of the invention may be a remote-controllable, 
micro-scale device having a motion mechanism, such as a mechanical propeller that 
may be driven by an electric motor or may be turned by a build in gas flow. Another 
capsule may contain a rotation mechanism that can be charged by external radio 
waves and that can initiate capsule rotation. 

Referring now to Fig. 2, device 30 comprises a planar light source 32, an 
imaging device 36, such as a CCD or CMOS imaging chip and an interaction 
chamber 38 all positioned behind an optical window 35. Device 30 further comprises a 
battery 31 for supplying power to the elements of the device and a transmitter 34 for 
transmitting signals from the imaging device 36 to an external receiving system (not 
shown). In another embodiment device 30 may utilize an LED, such as white LEDs, to 
.illuminate the interaction chambers 38. In yet another embodiment the device 30 may 
include an externally powered mechanism for providing power to the elements of the 
device. Also, the imaging device 36 may include an optical system, for example an 
array of microlenses and focusing elements. In an embodiment of the invention the 
device may comprise a plurality of imaging devices and, optionally, their 
corresponding optical systems, and optionally a plurality of illumination sources. For 
example, a plurality of imaging devices and optionally a plurality of interaction 
chambers may be positioned at opposing sides of the device for multi-directional 
sampling and/or viewing of the body lumen. 

Device 30 will be demonstrated as a capsule capable of passing through and 
sampling the Gl tract, however, other devices capable of passing through and 
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sampling other body lumens are also possible according to embodiments of the 
invention. 

Once device 30 is inserted into the Gl tract, for example by swallowing, and 
the imaging device 36 and light source 32 are operated, the Gl tract walls 39 and the 

5 interaction chamber 38 are directly illuminated by light source 32 and imaged by 
imaging device 36. The images are transmitted to an external receiving system, for 
example, as described in US 5,604,531. 

The interaction chamber 38 is open to the Gl tract environment, such that Gl 
tract fluids 37 can enter the interaction chamber 38 through opening 38', either 

10 passively or actively as described above. The indicators (not shown) contained within 
the interaction chamber are restricted to the interaction chamber. The indicators may 
be immobilized as described above or they may be unable to leave the interaction 
chamber because of selective barriers in the interaction chambers as demonstrated in 
Fig. 2 and as described below. 

is In the embodiment illustrated in Fig. 2 the interaction chamber 38 comprises a 

selective membrane 33, which enables the entrance of Gl tract fluids 37 but does not 
allow leakage of the indicators from the interaction chamber 38. 

As the device 30 proceeds down the Gl tract, minute amounts of Gl tract 
fluids 37 slowly enter the interaction chambers 38 and the entire Gl tract can be 

20 sampled into a single interaction chamber. Alternatively, the system may be 
configured such that Gl tract fluids that have entered the interaction chamber in one 
area of the Gl tract are displaced by fluids from a newly reached area in the Gl tract. 
In this case the interaction chambers would have two openings and two membranes 
for restricting the indicator to the interaction chamber. 
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Device 30 constantly samples the Gl tract environment throughout the lumen. 
Thus, the origin or exact location of pathologies in the Gl tract can be detected. For 
example, the origin of bleeding in the Gl tract can be detected as follows. A patient 
has device 30 inserted into his Gl tract. The device comprises an imager and at least 
one interaction chamber comprising an indicator of blood or of blood components. 
The device passively travels through the patient's Gl tract imaging both the Gl tract 
and the interaction chamber. In a location of bleeding in the Gl tract, the sampled Gl 
tract fluids will contain blood. The blood will react with the indicator in the interaction 
chamber 38 resulting in an optical change that will be imaged by the optical detector 
36. The image of the optical change and of the location in the Gl tract will be 
transmitted to an external operator who can identify the location of the device 30 at 
the time the image was produced and thus identify the origin of bleeding. Several 
origins of bleeding along the Gl tract can be identified and the intensity of bleeding at 
each origin can be determined judging by the concentration of blood at each location. 

Device 30 schematically shown in Fig. 2 is designed to be inserted into the Gl 
tract and pass through the entire tract, similarly to the capsule described in US 
5,604,531. However, as mentioned above, device 30 is not limited to any specific 
configuration. Rather, the device may be of any shape suitable for being inserted into 
a body lumen and for passing through the body lumen or for being included in a 
device that is inserted into a body lumen. Further, in accordance with the specific 
imager and specific energy requirements, device elements (such as the illumination 
source and transmitter) may be connected by cable to an external power supply or to 
an external receiving system. 

14 
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Reference is now made to Fig. 3, which schematically shows the picture field 
obtained by an imager in device 30. According to an embodiment of the invention a 
single imaging device (36 in Fig. 2) is used for the imaging of both the Gl tract walls 
and the interaction chambers. Thus, the picture field 40 obtained from the imaging 

5 device contains both images of the Gl tract wall 49 and images of the interaction 
chambers 48. Different interaction chambers 48A - D may contain different indicators 
such that the pattern of colors or other optical changes appearing in image 48 t in 
picture field 40, corresponds to the different endo-luminal substances in the Gl tract. 

It will be appreciated that a picture field may be obtained from different 

10 images obtained from a plurality of different imaging devices or optical detectors 
which are combined, for convenience, into one picture field similar to picture field 40. 

Thus f by using the system of the invention it is possible to obtain a "profile" of 
substances or physical conditions for any location in a body lumen. The "profile" 
deduced from image 48 together with the data derived from the image of the Gl tract 

15 wall 49, can be used in in vivo diagnostics, such as diagnostics of the Gl tract. 

It will be appreciated by persons skilled in the art that the present invention is 
not limited to what has been particularly shown and described hereinabove. Rather 
the scope of the present invention is defined only by the claims which follow: 

20 
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CLAIMS 

1 . A system for determining in vivo conditions, the system comprising: 

at least one interaction chamber for containing an in vivo sample, said 
interaction chamber having at least one indicator therein for reacting with 
the in vivo sample for generating optical changes in the interaction 
chamber; 

at least one illumination source for illuminating the interaction 
chamber; and 

at least one optical detector for detecting optical changes occurring in 
the interaction chamber. 

2. A system according to claim 1 wherein at least a portion of the 
interaction chamber is transparent in the wavelength of illumination. 

3. A system according to claim 1 comprising a plurality of interaction chambers. 

4. A system according to claim 1 further comprising a micro pump for drawing the 
in vivo sample. 

5. A system according to claim 3 wherein one interaction chamber comprises one 
indicator and another interaction chamber comprises another indicator. 

6. A system according to claim 1 wherein the interaction chamber is sealed by at 

least one membrane which selectively enables passage of an in vivo sample 
but does not enable passage of the indicator. 

7. A system according to claim 1 wherein the indicator is immobilized onto the 

interaction chamber walls. 

16 
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8. A system according to claim 1 wherein the indicator is immobilized onto an 
appendage that is restricted to the interaction chamber. 

g t a system according to claim 1 wherein the optical detector is an imager for 
obtaining images of the interaction chamber. 
5 10. A system according to claim 9 further comprising a transmitter for transmitting 
the images. 

11. The system according to claim 10 further comprising a receiving system for 

receiving the images. 

12. A system according to claim 1 wherein the optical detector is an imager for 
10 obtaining images of a body lumen and of the interaction chamber. 

1 3. A system according to claim 1 wherein the optical detector is an imager for 

obtaining images of a body lumen and of the interaction chamber and for 
producing video signals thereof. 

14. A system according to claim 13 further comprising a transmitter for transmitting 
15 the video signals and a receiving system for receiving said video signals. 

15. A system according to claim. 1 wherein the system is contained within or affixed 
onto a device that is designed for being inserted into a body lumen. 

16. A system according to claim 9 wherein the system is contained within or affixed 
onto a device designed for being inserted into a body lumen. 

20 17. A system according to claim 12 wherein the system is contained within or 
affixed onto a device designed for being inserted into a body lumen. 

18. A system according to claim 12 further comprising an optical system. 
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19. A system for determining in vivo conditions, the system having at least two 

opposing ends and comprising: 

two interaction chambers for containing an in vivo sample, said 
interaction chambers each having at least one indicator therein for reacting 
with the in vivo sample for generating optical changes in the interaction 
chamber; 

at least one illumination source for illuminating the interaction 
chamber; and 

two image sensors for detecting optical changes occurring in the 
interaction chamber and for obtaining in vivo images, 

wherein the interaction chambers and the imagers are each 
positioned at an opposing end of the system. 

20. The system according to claim 1 further comprising a battery for providing 
power to elements of the system. 

21. A system for determining in situ body lumen conditions comprising 

at least one interaction chamber for containing an endo-luminal 
sample, said interaction chamber comprising at least one indicator for 
reacting with the endo - luminal sample for generating optical changes in 
the interaction chamber; 

at least one illumination source for illuminating the body lumen and 
the interaction chamber; 

at least one imager for imaging the body lumen and for imaging the 
interaction chamber. 

22. A device for determining in vivo Gl tract conditions, comprising: 
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at least one interaction chamber for containing a sample from the Gl 
tract environment, said interaction chamber comprising at least one 
indicator for reacting with the sample for generating optical changes in the 
interaction chamber; 

5 at least one illumination source for illuminating the interaction 

chamber; 

at least one optical detector for detecting in vivo optical changes 
occurring in the interaction chamber. 

23. A device for imaging the Gl tract and for determining in vivo Gl tract conditions, 
10 comprising 

at least one interaction chamber for containing a sample from the Gl 
tract environment, said interaction chamber comprising at least one 
indicator for reacting with the sample for generating optical changes in the 
interaction chamber; 

15 at least one illumination source for illuminating the Gl tract and the 

interaction chamber; 

at least one imager for imaging the Gl tract and for imaging the 
interaction chamber and for producing video signals thereof. 

24. A device according to claim 23 further comprising a transmitter for transmitting 
20 the video signals. 

25. A device for determining in situ Gl tract conditions, the device 
comprising 

at least one interaction chamber for containing a sample from the Gl 
tract environment, said interaction chamber comprising at least one 

19 
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indicator for reacting with the sample for generating optical changes in the 
interaction chamber; 

at least one illumination source for illuminating the Gl tract and the 
interaction chamber; 

at least one imager for imaging the Gl tract and for imaging the 
interaction chamber. 

26. A device according to claim 25 wherein the device is a swallowable capsule. 

27. A method for determining in vivo body lumen conditions comprising the steps 

of: 

receiving an endo - luminal sample in an interaction chamber, said 
interaction chamber having at least one indicator therein for reacting with 
the endo - luminal sample for generating optical changes in the interaction 
chamber; 

illuminating the interaction chamber; and 
detecting optical changes occurring in the interaction chamber . 

28. A method according to claim 27 wherein at least a portion of the interaction 
chamber is transparent in the wavelength of illumination. 

29. A method according to claim 27 wherein the optical detector is an imager and 
the step of detecting the optical changes is a step of imaging the interaction 
chamber. 

30. A method according to claim 29 further comprising the step of producing video 
signals of images of the interaction chamber. 
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31. A method according to claim 30 further comprising the steps of transmitting the 
video signals to a receiving system and of receiving the video signals. 

32. A method for determining in vivo Gl tract conditions comprising the steps of: 

receiving a sample from the Gl tract in an interaction chamber, said 
interaction chamber having at least one indicator therein for reacting with 
the sample for generating optical changes in the interaction chamber; 
illuminating the interaction chamber; and 

detecting in vivo optical changes occurring in the interaction chamber . 

33. A method according to claim 32 wherein the optical detector is an imager and 
the step of detecting the optical changes is a step of imaging the interaction 
chamber and of producing video signals thereof. 

34. A method according to claim 33 further comprising the steps of transmitting the 
video signals to a receiving system and of receiving the video signals. 

35. A method for imaging the Gl tract and determining in vivo Gl tract conditions 
comprising the steps of: 

receiving a sample from the Gl tract in an interaction chamber, said 
interaction chamber having at least one indicator therein for reacting with 
the sample for generating optical changes in the interaction chamber; 
illuminating the interaction chamber; and 

imaging the Gl tract and interaction chamber and producing video 
signals thereof . 

36. A method according to claim 35 further comprising the steps of transmitting the 
video signals to a receiving system and of receiving the video signals. 
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37. A method for determining in situ Gl tract conditions comprising the steps of: 

receiving a sample from the Gl tract in an interaction chamber, said 
interaction chamber having at least one indicator therein for reacting with 
the sample for generating optical changes in the interaction chamber; 

illuminating the interaction chamber; and 

imaging the Gl tract and interaction chamber . 

38. A capsule for imaging the Gl tract and for determining in vivo Gl tract 
conditions, comprising 

a system, said system comprising 

at least one interaction chamber for containing a sample from the Gl 
tract environment, said interaction chamber comprising at least one 
indicator for reacting with the sample for generating optical changes in the 
interaction chamber; 

at least one illumination source for illuminating the Gl tract and 
the interaction chamber; 

at least one imager for imaging the Gl tract and for 
imaging the interaction chamber and for producing video signals 
thereof; and 

a transmitter for transmitting the video signals to a receiving system. 

39. The capsule according to claim 38 wherein the capsule comprises two 
opposing ends and wherein the capsule comprises two interaction chambers 
and two imagers and wherein the interaction chambers and the imagers are 
each positioned at an opposing end of the capsule. 
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40. A transmitter for transmitting video signals, said transmitter operable 
with a system, said system comprising 

at least one interaction chamber for containing a sample from the Gl 
tract environment, said interaction chamber comprising at least one 
indicator for reacting with the sample for generating optical changes in the 
interaction chamber; 

at least one illumination source for illuminating the body lumen and 
the interaction chamber; 

at least one imager for imaging the body lumen and for imaging the 
interaction chamber and for producing video signals thereof, said video 
signals being transmitted by the transmitter. 

41. A transmitter according to claim 40 wherein the transmitter transmits 
the video signals to a receiving system external to the body lumen. 

42. A receiving system for receiving video signals, operable with a system, 
said system comprising 

at least one interaction chamber for containing a sample from the Gl 
tract environment, said interaction chamber comprising at least one 
indicator for reacting with the sample for generating optical changes in the 
interaction chamber; 

at least one illumination source for illuminating the body lumen and 
the interaction chamber; 

at least one imager for imaging the body lumen and for imaging the 
interaction chamber and for producing video signals thereof; and 
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at least one transmitter for transmitting the video signals, said video 
signals being received by the receiving system. 
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